This study focused on aspects of the National Dairy Heifer Evaluation Project that involved neonatal feeding practices and types of milk replacers utilized on dairy farms. Types of milk replacers and the management practices associated with their feeding were studied. Nearly 60% of US dairy farms use milk replacers for some or all of the feeding program for neonatal calves. Regional differences existed in the types of liquid feeds and milk replacers fed to calves. Western producers fed less milk replacer, and western and northeast producers fed replacers with less total CP. Many characteristics of management utilized along with these products reflect accepted management and nutrition practices. During the study period from 1991 to 1992, 11.2% of replacers contained casein. A greater proportion of these were found in the West during the first 6 mo of the study, reflecting changes in the milk replacer formulations during that time.
INTRODUCTION
Various feeding and management practices on dairy farms can have profound impacts on overall mortality, morbidity, and growth of the young calf. Successful calf growth and health depends on the combination of many factors related to health, management, and nutrition of the neonate. A wide variety of liquid feed sources is available to nourish the calf once it has been fed first colostrum and transition milk (second and subsequent milkings after first colostrum). Fresh, frozen, or fermented cobstrums are each excellent, inexpensive feedstuffs for calves (2, 8, 15, 20, 23) . Whole and waste milks are excellent choices for calf feed and are economical under many conditions. Milk replacers are also a very good source of liquid feed for calves. They are often very economical (second to waste milk) and, in many situations, are more easily adapted to the labor and facility needs of calf-raising operations than either whole or waste milk (7, 9) .
Because of the digestive limitations of calves <3 wk of age, ingredient formulation is critical to allow for adequate digestion, proper growth, and performance (26) . Therefore, milk replacers must be formulated with ingredients processed for the underdeveloped digestive system of the young calf. Within a few weeks of age, the ability of the calf to digest various feedstuffs improves dramatically as its enzyme production increases and diversifies (1, 18) .
The nutritional availability of protein and energy sources used for milk replacers is a key factor in determining the outcome of the feeding program based on the source of feed used (24) . The influences of calf management and environmental interactions such as housing (19, 21, 22) , environmental temperatures (21, 25) , and calf age (1, 6, 8, 14, 29) have been studied. In addition, the effects of different feeding methods, such as the reconstitution temperature of the replacer (4, 5, 17) , nipple versus pail feeding (29) , and ad libitum versus restricted access to milk replacer (21, 27) Objectives of the present study were to survey usage of various types of milk replacers fed to US dairy calves and to determine management practices utilized in the feeding of these milk replacers on commercial dairy farms.
Journal of Dairy Science Vol. 78, No. 12, 1995 producers with 29 or more cows from the January 1, 1991 agricultural survey. Respondents to the first phase of the study, which focused on overall dairy management, were asked to participate voluntarily in the second phase, which focused on dairy heifer health and management. A further portion of the second phase of the NDHEP included producers that generally fed milk replacers to their calves. This analysis determined specific management practices regarding the use of these milk replacers. Probabilities of selection were accounted for in each stage of the analysis. All data were weighted and adjusted for nonresporiseS (30) to derive US population estimates. Population estimates and standard deviations for the population estimates were obtained using SUDAAN (28) . Regional analyses were done using data from western (California, Colorado, Idaho, Oregon. and Washington), midwestern (Iowa. Illinois, Indiana, Michigan, Minnesota, Nebraska, Ohio, and Wisconsin), northeastern (Maine, New Hampshire, New York, Pennsylvania, and Vermont), and southeastern states (Alabama, Florida, Georgia, Maryland, North Carolina, Tennessee, and Virginia), and all statistical comparisons were done using SUDAAN (28) . The t tests were done using the standard errors generated by SUDAAN. Significance was noted at P !^ .05. Figure 1 shows the types of liquid feeds that were fed to calves after colostrum during part or all of the liquid feeding period for all farms in the US. These data are from the first phase of the NDHEP with 1811 farms in the data field (II). Fresh or sour colostrum and whole milk were fed by a great majority of the producers for all or part of the time. Similar percentages of medicated milk replacer, mastitic milk, and antibiotic milk were fed by producers. A much smaller percentage of producers fed unrnedicated milk replacer. In addition to liquid feeds, calf starter was fed to 91.2% of calves prior to weaning. Hay was the most commonly fed forage, and small percentages of calves were fed fermented forages prior to weaning. Figure 1 does not show the percentage of time that each of these feeds were used on the farms. Data obtained from the ingredient composition of the milk replacer
RESULTS AND DISCUSSION

MATERIALS AND METHODS
The National Dairy Heifer Evaluation Project (NDHEP) of the USDA Animal Plant Health Inspection Service was based on a series of prospective and retrospective surveys in addition to measurements and samples collected on farms across the US (11). The study utilized a multiple-frame (list and area) sampling technique in cooperation with the USDA National Agricultural Statistics Service. All survey information was obtained via personal interview with the producer. During the NDHEP, information regarding the use of milk replacer and management practices was collected during a visit to each farm by a state or federal veterinary medical officer. For operations using milk replacers, the milk replacer or replacers routinely fed to calves from birth to 3 wk of age and from 3 wk of age to weaning were evaluated by inspecting the feed tag and asking questions regarding feeding management practices used in conjunction with the feedstuffs. An in vitro rennet coagulation test (3, 13) was performed on a sample of each reconstituted milk replacer used on the farms. This analysis showed whether casein was present in the form of skim milk or sodium caseinate if it had not been heat treated. A sample of whole milk was analyzed on each farm as a positive control.
The probability sample design used for the national milk replacer survey, as part of the NDHEP analysis, was such that inferences could be made for the national population of producers and dairy animals. The design involved sample selection by the USDA National Agricultural Statistics Service of dairy Results of analysis of feed sources given to preweaned calves after 24 h of age, grouped by number of preweaned calves on the farm at the start of the survey, are shown in Table 1 . Mean herd sizes (55.6 cows) were smaller than the national average (II) for the group with 0 to 5 preweaned calves, near the average (75.9 cows) for the farms with 5 to 15 preweaned calves, and larger than the average (274 cows) for the group with >16 preweaned calves on the farm. A higher percentage of large farms fed whole, mastitic, and antibiotic milks to preweaned calves. Milk replacer and colostrum were not fed as often on these larger farms. The economy of farm size likely created a situation in which waste milk was more economical and manageable to use. In addition, calves on larger farms were weaned at older ages than those on smaller farms (10, Il). Larger farms purchased less milk replacer for preweaned calves, possibly because they were likely to have an alternate feed source available that would otherwise be a waste product. Also, different systems of management may necessitate longer liquid feeding periods for calves. No interactions were observed among regions for the data presented in Table 1 .
In the third phase of the NDHEP study, operations that specifically fed milk replacers for all or part of the year to some or all calves are shown in Table 2 and are utilized in all subsequent tables. The data were collected by the age categories of birth to 3 wk of age and 3 wk of age to weaning, because likely physiological differences would necessitate different management practices for these periods (23) . Overall, operations that used some medicated milk replacers used them 59.6 and 70.7% of the time and used unmedicated replacers 10.6 and 14.0% of the time for calves from birth to 3 wk of age and from 3 wk of age to weaning, respectively. Lower percentages of medicated replacers were used in the western and midwestern regions for younger calves and in the West for older calves. Producers in the Southeast fed less whole milk to calves of both Number of preweaned calves on the farm at the time of the survey.
age groups. Mastitic and antibiotic milks were used more in the West than in other regions of the US. Regional differences were generally similar for the types of feeds fed between age group categories. Differences between regions did not appear to be reflective of herd sizes. Management factors used in conjunction with milk replacer feeding on US farms are shown in Table 3 . The majority of producers fed ^l.9 L of replacer for both age groups during one feeding, and milk was fed twice per day individually on nearly all farms. Over 93% of the producers mixed milk replacers using warm or cold water, as instructed by the manufacturer; 95% mixed only enough milk replacer for one feeding at a time, and none mixed replacer for more than a day at a time. In general, these practices indicate good management that is consistent with current recommendations; an exception to this, however, was that at least 65% of operations were in cold environments and did not feed additional milk replacer to calves during winter or colder periods. Water availability to calves after feeding showed that fewer than half (44.7%) of the producer operations offered water to calves :53 wk of age, and 58.2% offered water to calves >3 wk of age after feeding. Few producers offered water within 10 to 30 min after feeding milk replacer to each age group (data not shown). Data previously reported (II) demonstrated that a large percentage of farms did not offer water for ad libitum consumption to calves before weaning. This practice is of particular importance when producers limit liquid intake while encouraging dry grain intake and may delay DM1 to achieve adequate early weaning. This study did not determine whether added water was fed in the milk replacer before weaning. Ingredient listings were obtained from feed tags collected on the farm. Variations in milk replacer formulations, as demonstrated by CP guarantee and rennet clot formation, are summarized in Table 4 . More than half (56.3%) of the replacers used on the farms contained t22% CP, as recommended by the NRC (16) . Almost all (97.3%) replacers contained the recommended ^!lO% fat (16) . Guaranteed CP percentages were different by region, but not by time, for protein levels only. Significantly more of the milk replacers used in the Midwest and Southeast contained ^t22% CP. This finding strongly suggests that different companies or nutrient specifications are used for these regions.
Analysis of the rennet clot test combined no clots and soft clots for calves from birth to 3 wk of age. No clot and soft clots were separated for the period of 3 wk of age to weaning, and both the medicated and unmedicated replacers were combined. Replacers used for both groups were virtually identical to the replacers fed at 3 wk of age to weaning. For the replacers fed from 3 wk of age to weaning 10.2% formed either a soft or firm clot. Soft clots can be obtained from milk replacers containing as little as 5% of the CP derived from casein, and firm clots can he obtained from those replacers containing greater percentages of the CP from casein (3, 13) . A breakdown of the data in Table 4 shows that a greater percentage of the milk replacers that formed clots were from the West, followed by the Southeast and Midwest. Less casein was found in replacers from the Northeast. Analysis of the data showed similar percentages of clotting replacers from each state within each region. Significantly greater percentages of replacers sampled during the first 4 mo of the study formed clots than did replacers sampled during the last period, indicating that ingredient changes were made in the formulalion of replacers used during this period. This formulation shift can be observed in analysis of soft and finn clots. The majority of the milk replacers tested in the second half of the study contained no casein.
CONCLUSIONS
Milk replacers are fed to slightly more than half of the dairy calves in the US. There are regional differences in the usage of milk replacers, the nutrient specifications, and ingredients used in their manufacture. Farms with more calves use more waste, antibiotic, and whole milks to feed calves. Many of the management practices used in feeding milk replacers reflect accepted nutrition and management practices. 
